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Over a period of 4 years sampling was carried out for biomass determinations of algae epiphytic on 
pneumatophores of Avicennia marina (Forssk.) Vierh. The biomass showed trends towards high values in the 
warmer months and low values in the cooler period of the year. These trends were disrupted by abnormally 
high silt loads on the pneumatophores and by cyclones Domoina and Imboa. The cyclones did not appear to 
have altered the species composition of the algal community which was dominated by Bostrychia radicans 
(Mont.) Mont. B. radicans and B. moritziana (Sonder) J. Agardh provided the greatest biomass in the 
sampling area throughout the year, although the relative proportion of Ca/og/ossa /eprieurii (Mont.) J . Ag. 
showed an increase in late spring/early summer. There is evidence that epiphytic algae can provide a mean 
annual input of approximately 10.05 tons of litter which is considered significant for this system. 
Monsterneming vir biomassabepalings van alge wat epifities op pneumatofore van Avicenia marina (Forssk) 
leef is oor 'n peri ode van 4 jaar uitgevoer. Die biomassa toon tendense tot hoe waardes in die warm maande 
en lae waardes gedurende die koeler peri ode van die jaar. Hierdie tendens is onderbreek deur 'n abnormale 
hoe slik-afsetting op die pneumatofore en ook deur die siklone Domoina en Imboa. Dit wil voorkom asof die 
siklone nie die spesiesamestelling van die alggemeenskap, wat deur Bostrychia radicans (Mont.) Mont. 
gedomineer word, verander het nie. B. radicans en B. moritziana (Sonder) J . Agardh was verantwoordelik vir 
die meeste biomassa in die monsternemingsarea deur die jaar, alhoewel die relatiewe posisie van Ca/og/ossa 
/eprieurii (Mont.) J. Ag. 'n toename in die laat lente, vroee somer getoon het. Daar is getuienis dat epifitiese 
alge jaarliks gemiddeld ongeveer 10.05 ton 'afval' voorsien, wat as beduidend vir hierdie sisteem beskou kan 
word. 
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Introduction 
Several workers have indicated that mangrove leaves in 
the litter may make a major contribution to the nutrient 
budget of an estuary (Golley et al. 1962; Odum & Heald 
1972; Lugo & Snedaker 1974; Teas 1976). Estimates of 
litter production in the St Lucia Estuary (Steinke & 
Ward 1988) have shown that mangroves also provide a 
significant input of litter to this system. Although the 
presence of epiphytic algae on pneumatophores and 
prop and buttress roots of mangroves has been well 
documented (Post 1936; Macnae 1968; Chapman 1976), 
the significance of this community to the ecosystem has 
received little critical attention. Kimball & Teas (1975), 
Potts (1984) , van der Valk & AttiwiII (1984) and Hicks & 
Silvester (1985) have investigated nitrogen fixation by 
epiphytic algae in mangrove swamps. However, the 
contribution of these algae towards litter production and 
consequently the recycling of nutrients through litter 
decomposition does not appear to be known. For this 
reason a survey was initiated in the St Lucia Estuary to 
determine seasonal variations in biomass of algal 
epiphytes on pneumatophores of shoreline A vicennia 
marina (Forssk.) Vierh. A study of the rate of decom-
position of algal material was also undertaken. This 
paper reports the results of these investigations. 
Study area 
The study of biomass was conducted in the St Lucia 
Estuary on an accreting shoreline (A) approximately 1.5 
km north of the main road bridge (Figure 1). Inland of a 
shoreline fringe of A. marina (6 m tall) was a broad belt 
(up to 200 m wide) of an almost pure stand of Bruguiera 
gymnorrhiza (L.) Lam. which decreased in height from 
4 m to a little over 2 m towards the landward edge of the 
community, made up of scattered A. marina (5 m). 
Among the B. gymnorrhiza were occasional individuals 
of Hibiscus tiliaceus L. and Acrostichum aureum L. A 
profile of the lower shoreline and the characteristics of 
the pneumatophores in the sampling area are presented 
in Figure 2. The mean number and height of pneumato-
phares did not show much variation except at their upper 
and lower limits , where low values were recorded, and in 
a 3-m band at site F where the highest values were 
obtained. Site F was inundated even at high neap tides, 
whereas the upper shore was influenced only by high 
spring tides. 
Methods 
During the period December 1981 to June 1982 sites 
A-G were sampled across the shore at intervals of 
approximately 3 m (Figure 2). Sites A and G were at the 
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Figure 1 Locality map showing St Lucia Estuary (A denotes the sampling area) . The thick line indicates the shoreline fringed by 
A vicennia marina. 
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Figure 2 Profile of the lower shoreline and characteristics of the pneumatophores in the sampling area. In the lower diagram the 
histogram reflects biomass, while (A) and (_) indicate numbers and heights of pneumatophores respectively. Vertical bars 
represent SE. 
upper and lower limits of pneumatophores respectively . 
At each site, square quadrats (each 0.026 m2) were 
placed at random and all the pneumatophores within a 
quadrat were cut off at ground level. All samples were 
preserved in a mixture of 4% formaldehyde in estuarine 
water collected adjacent to the sampling area and 
transferred to the laboratory for processing. The algae 
were carefully removed from the pneumatophores by 
scraping with a sharp blade, placed in a forced-draught 
oven at 70°C for a week and weighed . Slides of algal 
material were prepared according to the method of 
Lambert et al. (1987) and slide voucher specimens have 
been housed in the Department of Botany , University of 
Durban-Westville. Species were identified on the basis 
of keys proposed by Lambert et al. (1987, 1989). 
The silt on the pneumatophores was removed with the 
algae , from which it was separated by sedimentation and 
decantation , oven-dried and weighed . Barnacles (mainly 
Balanus amphitrite Darw.) were removed with the algae, 
counted , dried and weighed. 
From July 1982 until the termination of the project in 
December 1985 , it was necessary to restrict the number 
of samples in that quadrats were placed at random only 
in the area of shore where pneumatophores were largest 
and most frequent (site F) . For logistical reasons samples 
were collected at approximately 30-day intervals, except 
for the last 6 months when sampling was quarterly, and 
at each sampling seven replicate quadrats were 
harvested . 
As there appeared to be variations in the proportions 
of the dominant algae at different times of the year , 
during the period April 1983 to June 1985 the algae 
removed from the pneumatophores were sorted into 
species before being dried and weighed . 
Because of variations in size and number of pneumat-
ophores within the sampling area , the results were 
expressed in terms of algal biomass per unit area of 
pneumatophores per unit area of substratum. Surface 
area of pneumatophores was calculated from the 
formula , 
Area = 'Tfdh 
where d = mean diameter (as measured by a dial caliper) 
and h = height above ground level. 
Oven-dried material of Bostrychia spp., collected at St 
Lucia and stored under dry conditions , was divided into 
samples of 8-g mass and placed in nylon bags with a very 
fine but irregular mesh (c 1-mm aperture). For logistical 
reasons the bags were tied to marker posts not in the St 
Lucia Estuary but in the Beachwood Creek (Mgeni 
Estuary) in May 1988. The bags were constantly 
submerged. Subsequently after 7, 14, 28 , 42 and 56 days 
four replicate bags were collected. On each collection 
date the bags were removed to the laboratory where 
washing of the contents was carried out on a 30-mesh 
(0 .60 mm) sieve using only a gentle stream of water to 
prevent damage to the material as far as possible. The 
material was then oven-dried for a week at 70°C and 
weighed. 
Results 
Species composition 
A list of the most common species at site F is given in 
Table 1. With the exception of Nitzschia martiana , which 
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Table 1 Check-list of epiphytic 
algae at site F 
Rhodophyceae 
Boslrychia radicans (Mont.) Mont. 
B. morilziana (Sonder) J. Agardh 
Caloglossa leprieurii (Mont.) J. Ag. 
Polysiphonia SUblilissima Montagne 
Ch lorophyceae 
Rhizoclonium riparium (Roth) Harv. 
Enleromorpha c!Glhrala (Roth) Grev. 
E. flexuosa (Wulfen ex Roth) J. Ag. 
Monoslroma sp. Thuret 
8acillariophyccae 
Nilzschia marliana C. Ag. 
Cyanophyceae 
Xenococcus kerneri Hansq. 
X. acervalrus Sctchell & Gardner 
Lyngbya baculum Gomont 
L. conferroides C. Ag. 
Microcoleus chlhonoplasles Thuret 
Oscil/Gloria subbrevis Schmidle 
O. nigroviridus Thwaitcs 
was abundant, the Class Bacillariophyceae were not 
considered further. Most species occurred at all sites 
across the shoreline. However, B. moritziana occurred 
only at sites F and G, while C. leprieurii was most 
common in the above two sites. 
Separation of the Bostrychia spp. (Mont.) and C. lep-
rieurii revealed that there was a decrease in the 
percentage of the former species with a peak in produc-
tion of the latter in the spring/early summer (Figure 3). 
As all other algae formed a fairly constant but insignif-
icant constituent of the community (less than 2% 
biomass), only the above three species were considered. 
Biomass and silt 
The biomass and silt data for the period 1981-1985 are 
presented in Figure 4. With the exception of 1983/84 
biomass showed clear trends of high values in the 
warmer months with troughs in the cooler period of the 
year. In February/March of each of these years there was 
a sharp decrease in biomass from the high earlier 
summer values. 
In the 1983/84 season silt deposition on the pneumato-
phores reached a heavy level and this coincided with low 
biomass yields. Following this, on 31 January and 18 
February 1984 two cyclones, Domoina and Imboa 
respectively, struck the Zululand coast near St Lucia. 
These cyclones were accompanied by heavy rains which 
caused flooding in the St Lucia system. As a result very 
low biomass values were recorded at that time. The 
cyclones did not appear to have altered the species 
composition of the algal community, which experienced 
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Figure 3 Mean percentage Bostrychia spp. in a Bostrychia-
Caloglossa community. Vertical bars represent SE. 
an increase in yield the following warm season, higher 
than had been recorded previously. 
Decomposition of litter 
There was a rapid decomposition of algal litter which 
had disappeared completely within 2 months (Figure 5). 
For comparison, the results of a similar study on decom-
position of leaves of A. marina at Beachwood are 
included (Steinke et al. 1983). 
Barnacles 
Barnacles were present in high numbers before floods 
caused by the cyclones, but individual sizes were small 
(Figure 6). However, following the cyclones there were 
fewer barnacles which showed an increase in size over a 
period of almost 12 months. In February 1985 recruit-
ment appeared to occur, as indicated by the large 
number of small individuals at that time. 
Discussion 
The restriction of B. morltzwna and the presence in 
greater amounts of C. leprieurii towards the water's edge 
suggest that these two algae are less hardy than the other 
components of this epiphytic algal community. As 
pointed out earlier, this area of pneumatophores is 
inundated even by neap tides and therefore is subjected 
to drying conditions for far shorter periods than the 
pneumatophores higher up the shore where only spring 
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Figure 4 Mean algal biomass and silt loads on pneumatophores for the period 1981- 1985 (D = Domoina , I = Imboa) . Vertical 
bars represent SE. 
tides have an influence on the algae . The more luxuriant 
growth of C. leprieurii relative to Bostrychia spp . during 
the spring/early summer suggests that this species does 
not thrive in the high summer temperatures . 
The greater biomass achieved by the community in the 
warm season and the comparatively low values in winter 
were not unexpected (Davis & Dawes 1981; Yarish & 
Edwards 1982), although results with subtropical marine 
algae have shown reduced growth at high summer 
temperatures (Rao 1970; Dawes et al. 1974; Josselyn 
1977). However, the sharp decrease in biomass in 
February/March of each year could not be explained 
satisfactorily. Careful examination of the material 
suggested that reproductive stage of development was 
not responsible (Lambert et al. 1987) . Similar decreases 
in summer have been recorded for other algae and have 
usually been ascribed to high temperatures (Rao 1970; 
Dawes et al. 1974; Josselyn 1977). The last author 
showed that at high temperatures growth declined and a 
lower mass was recorded above 30°C. At St Lucia 
Estuary February is the hottest month with a mean air 
temperature exceeding 25°C. Day temperatures are 
frequently in excess of 30°C and are often accompanied 
by strong north-easterly winds. In that environment the 
algal epiphytes would be subjected to desiccating 
conditions even between high neap tides, and it is 
suggested that these conditions may be responsible for 
the decrease in biomass. Although laboratory studies did 
not include B. moritziana, it has been shown that C. lep-
rieurii is sensitive to desiccation, while B. radicans is 
better able to withstand drying conditions (Mann & 
Steinke 1988). Because these two species were less 
hardy , this appears to support the suggestion that a 
decrease in biomass can be attributed to desiccation, 
although observations indicated that at this time there 
was also a decrease in biomass higher up the shore . 
Clearly the other components of this community were 
also affected. 
It is concluded that the very heavy silt deposition on 
the pneumatophores caused the low biomass of algae in 
the 1983/84 season . During this period the pneumato-
phores had a thick coat (up to 10 mm) of silt over almost 
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thei r en tire length. Not only did this have an effect on 
irradiance but also must have impeded water and 
gaseous exchange. Lighter depositions seemed to have 
had little or no effect on algal biomass. The reason for 
the abnormally heavy deposition is not clear but it is 
suggested that strong north-easterly winds over a 
prolonged period might have driven water with a high 
sil t load over the pneumatophores where the epiphytic 
algae would have aided silt retention and build-up. 
The low biomass value!. which were recorded follow-
ing the cyclones were considered to be due to the 
abrasive effect of the flood water!. which carried a high 
silt load and also to the fact that the pneumatophores 
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suffered a prolonged submersion (more than 2 weeks) 
under muddy water through which light penetrat ion was 
poor. The poor light conditions and prolonged exposure 
to low salinity were probabl) responsible for the further 
decrease in biomass recorded at the next harvest 
(Steinke & Ward 1989). Low rates of photosynthesis in 
freshwater have been recorded (Yarish e1 a/. 1979: Davis 
& Dawes 1981). while Mann & Steinke ( 1988) concluded 
that long-term exposure to freshwater may be limiting 
for B. radicans and C. leprieurii. The small amount of 
algae that remained after the noods appeared to consist 
largely of basal material attached to the pncumato-
phores. The floods appear to have had a similar effect on 
the barnacles. 
It is interesting that after a period of dieback due to 
the si lt deposition and the cyclones a very high yie ld was 
recorded in the following warm ~cason. It almost 
appears that this may be some sort of compensation 
mechanism for the lack of biomass in the previous 
season. 
The decrease in biomass which occurred in most years 
from late summer onwards was respon~ible for an input 
of Iiller into the system (Table 2). The length of 
shoreline A . marina was e~timated from recent aerial 
photograph!. and orthophotographs (Trigonometrical 
Survey. Cape Town) and confirmed on field visits by 
boat (Figure 1). Although the width of the belt of most 
luxuriant growth of pneumatophores and algae was 3 m 
in the sampling area, there were other areas of shoreline 
where this belt was not so wide. Under the circumstances 
a mean width of 2 m was used over the entire length of 
~horeline fringed by A. marina. It is estimated that the 
epiphytic algae in the most productive zone make a 
mean annual contribution of 10.05 tonncs of litter to this 
system. From Figure 6 it is clear that this material 
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Figure 6 Mean numbers and biomass of barnacles on pncumatophorcs for the reriod 1982- 1985 (D = Domoina. I = lmboa). 
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Table 2 The estimated mean annual contribution of 
litter by algal epiphytes in St Lucia Estuary 
Shoreline fringe of pneumatophores 22.6 km 
Mean width of luxuriant epiphytic growth 2.0 m 
Total area of luxuriant epiphytic growth 45 200 m2 
Mean annual decrease in biomass from 5.78 g quadrat" or 
peak to lowest value 222.30 g m,2 
Mean annual loss of biomass from entire 
shore lin e fringe 10.05 t yr" 
Mean litter yield (t h" yr" ) of A. marina* 10.13 
B. gymnorrhiza* 7.29 
algal epiphytes 2.22 
*Figures from Steinke & Ward (1988) 
decomposes rapidly and is a source of nutrient release 
into this system. Although some loss of material from 
the estuary would occur with an outgoing tide, there are 
at present no estimates available of this amount. Clearly 
this is a field for future investigation. 
The survey has shown that in this estuary epiphytic 
algae have a role to play in providing an additiona l input 
of litter to the ecosystem. As this litter decomposes so 
rapidly, the benefits of this process are of more 
immediate effect than would be obtained from the 
angiosperm litter (Steinke & Ward 1988). In this respect 
and also through nitrogen fixation (Mann & Steinke 
1989) the algal community clearly has a significant role in 
this ecosystem. 
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